Objective: Knowledge of cranial suture morphology is crucial in emergency medicine, forensic medicine, and maxillofacial reconstructive surgery. This study assessed the visibility of sutures of the orbit and periorbital region on multidetector computed tomography. Materials and Methods: Multidetector computed tomography scans of 200 patients (127 males, 73 females; mean age 51.3 years; range, 6-92 years) were evaluated retrospectively. The slice thicknesses varied from 0.5 to 1 mm, and the tube current from 25 to 370 mAs, depending on the CT indication. The visibility of sutures was estimated according to a 4-point scale from "not visible" to "well visible". The chi-squared test was used to test the association of the visibility of sutures with the slice thickness, tube current, and age of patients. Statistical significance was assumed at p < 0.05. Results: Overall, best visibility was found for the sutura frontozygomatica (98%), sutura frontonasalis (88.5%), and sutura sphenozygomatica (71.5%), followed by the sutura zygomaticomaxillaris (65.8%), sutura temporozygomatica (41.8%), sutura frontomaxillaris (44.5%), and sutura sphenofrontalis (31%). Poor visibility was found for the sutura frontolacrimalis (16.8%) and sutura frontoethmoidalis (1.3%). The sutura ethmoidomaxillaris, sutura lacrimomaxillaris, and sutura ethmoidolacrimalis were not visible. Conclusion: Although the sutures of the superior, lateral, and inferior orbit are well visible, those of the medial orbit are poorly visible on CT scans.
INTRODUCTION
The orbit is a complex cavity confined by seven different bones that are separated from each other by 12 sutures. In contrast to the well-investigated and scientifically described sutures of the cranial vault and skull base, sutures of the orbit and periorbital region have rarely been the focus of imaging studies (1, 2) . Most of the existing reports have been limited to skull X-ray studies regarding physiological and premature closure of sutures and age estimates based on suture morphology in forensic medicine. More recently, multidetector computed tomography (MDCT) was used to define the sequence of suture closure for the early diagnosis of skull deformity (2) (3) (4) . However, no studies have been conducted on the morphology of sutures of the orbit using MDCT in vivo. In the emergency setting, it may be challenging to distinguish acute fractures from sutures in the orbital region by CT (5, 6) . It would be helpful to know the extent to which sutures of the orbit are visible on MDCT and if visibility is possibly dependent on patient age or on technical parameters (tube current, slice thickness), issues that have not been evaluated so far.
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The aim of our retrospective study was to analyze CT examinations of the midface and head to assess the visibility of sutures of the orbit and periorbital region.
MATERIALS AND METHODS

Patients
Two hundred consecutive MDCT scans of the midface or head performed in a period of 12 months were analyzed retrospectively. Patients were selected for the study if thinslice, high-resolution volume data sets could be retrieved from the local picture archiving and communication system. Exclusion criteria were the presence of diseases potentially limiting the evaluation of structures to be analyzed, such as space-occupying processes, osseous damage, or fractures of the orbit and periorbital region.
The main MDCT indications were chronic inflammatory diseases of paranasal sinuses (n = 29) and preoperative navigation for endoscopic endonasal surgery (n = 65) to rule out sequelae of a prior trauma (n = 63), acute complications of inflammation of the midface (n = 37), and others (n = 6).
The age of the patients (73 females, 127 males) ranged from 6 to 92 years (mean age, 51.3 years). Patients were categorized into four age groups: children and adolescents from 6 to 20 years (n = 15), young adults from 21 to 40 years (n = 42), mature adults from 41 to 60 years (n = 64), and older adults of more than 60 years (n = 79).
CT Imaging
Multidetector computed tomography examinations were performed on three different scanners (Sensation 64 and Volume Zoom 4, Siemens Medical Solutions, Forchheim, Germany; Aquilion 32, Toshiba, Otawara, Japan). The slice thicknesses were 0.5 mm (n = 40), 0.6 mm (n = 17), 0.75 mm (n = 37), and 1 mm (n = 106). With the exception of the preoperative navigation protocol, all slices were reconstructed with a 20% to 30% slice overlap. Images were reconstructed with high-resolution convolution kernels: H70s (Sensation 64), FC81 (Aquilion 32), and H60s (Volume Zoom 4). The acquisition matrix was 512 x 512 for all examinations. Typically a field of view of 200 x 200 mm was chosen with a range from 150 x 150 mm for paranasal sinus imaging to 250 x 250 mm for preoperative navigation. The scan range for paranasal sinus imaging included the space from the frontal sinus to the hard palate, for preoperative navigation from the top of the calvarium to the angle of the mandible, and for trauma imaging from the top of calvarium to the hard palate or the mandible. The voltage was 120 kV in each case. According to the tube current employed, four groups were established: 25 to 60 mAs (n = 18), 70 to 75 mAs (n = 133), 125 to 180 mAs (n = 32), and 236 to 370 mAs (n = 17).
Image Assessment
Images were analyzed by two investigators independently on a commercially available workstation (Leonardo Syngo; Siemens Medical Solutions, Forchheim, Germany). Using the original data sets, multiplanar reconstructions were created in any desired plane including standard three orthogonal planes, oblique reformations, and curved reformations. Results were documented on a structured examination A. Sutures of medial orbital wall. B. Sutures of lateral orbital wall. 1 = sutura frontonasalis, 2 = sutura frontomaxillaris, 3 = sutura frontolacrimalis, 4 = sutura frontoethmoidalis, 5 = sutura sphenofrontalis, 6 = sutura lacrimomaxillaris, 7 = sutura ethmoidolacrimalis, 8 = sutura ethmoidomaxillaris, 9 = sutura zygomaticomaxillaris, 10 = sutura frontozygomatica, 11 = sutura temporozygomatica, 12 = sutura sphenozygomatica. Star = fossa lacrimalis
A B
Korean J Radiol 15(6), Nov/Dec 2014 kjronline.org sheet, which contained time of examination, indication for the examination, and technical parameters (kV, mAs, CT dose indices). Twelve sutures (sutura frontozygomatica, sutura frontonasalis, sutura sphenozygomatica, sutura zygomaticomaxillaris, sutura temporozygomatica, sutura frontomaxillaris, sutura sphenofrontalis, sutura frontolacrimalis, sutura frontoethmoidalis, sutura ethmoidomaxillaris, sutura lacrimomaxillaris, and sutura ethmoidolacrimalis) were evaluated for each side separately, except for the sutura frontonasalis, which was studied only once in each patient (Fig. 1 ). The visibility of sutures was estimated according to the following 4-point scoring system: not visible = 0, poorly visible = 1, moderately visible = 2, and well visible = 3. If there was a disagreement between the two readers, the decision was reached by consensus. The first investigator had 1 year experience and the second investigator had 25 years of experience in head and neck radiology.
Statistical Analysis
Statistical analysis was performed using the statistical software SPSS version 16 (SPSS Inc., Chicago, IL, USA). The results of statistical analysis of the sutures are expressed both in absolute numbers and percentages. The chi-squared test was used to test for association between the visibility grade of sutures with slice thickness, tube current, and the age of the patients. For chi-squared testing two groups were formed, one consisting of sutures with good or moderate visibility and the other group with poor or absent visibility. Visibilities of sutures in patients aged 6 to 40 years were compared with visibilities in patients aged 41 years and older. Similarly, the visibilities at (summarized) slice thicknesses of 0.5/0.6 mm were compared with visibilities at slice thicknesses of 0.75/1 mm. Finally, summarized visibilities at 25 to 75 mAs were compared with visibilities at 125 to 370 mAs. Statistical significance was assumed for p < 0.05.
RESULTS
Visibility of Sutures on MDCT
Based on 200 MDCT data sets (except for the sutura frontonasalis, 400 orbits), the best visibility (score "well visible") was determined for the sutura frontozygomatica (91.5%), followed by the sutura frontonasalis (60%) and the sutura sphenozygomatica (32.7%) ( Table 1, Figs. 2-9 ). Low visibility was found for sutures of the medial orbital wall merging with the os ethmoidale and os lacrimale. Note.-n = 200 for sutura frontonasalis and n = 400 for remaining sutures kjronline.org
Visibility for the sutura frontolacrimalis was 1.5%; the sutura frontoethmoidalis, sutura ethmoidomaxillaris, sutura lacrimomaxillaris, and sutura ethmoidolacrimalis could not be detected in any case.
Association of the Visibility of Sutures with Slice Thickness
This analysis could not be performed for the sutures merging with the os lacrimale and os ethmoidale due to their low visibility. Apart from the sutura sphenozygomatica and the sutura temporozygomatica, which barely reached statistical significance, the association of visibility with slice thickness was statistically significant for all other sutures. In general, the thinner the slices were, the better the visibility of the sutures was ( Table 2 ). The best visibility over all slice thicknesses was observed for the sutura frontozygomatica, which was seen in all cases at a slice thickness of 0.5 mm. 
Association of the Visibility of Sutures with Tube Current
This analysis could not be performed for the sutures merging with the os lacrimale and os ethmoidale due to their low visibility. Visibility tended to be better at higher doses; however, no statistically significant difference was observed between the groups except for the sutura sphenozygomatica (p < 0.001) and the sutura temporozygomatica (p < 0.02). Notably, the sutura frontomaxillaris could be seen best (44.4%) at 25 to 60 mAs. The sutura zyogomaticomaxillaris could also be visualized better at lower amperages.
Association of the Visibility of Sutures with Age of Patients
The sutures were best seen at an age of between 6 and 20 years. The sutura frontozygomatica visualization was superior (100%), followed by sutura frontonasalis (86.7%) and sutura zygomaticomaxillaris (73.3%). For these three sutures, no statistically significant difference was found between the different age groups (Table 3) . For the other sutures, detection decreased with increasing age, which was statistically significant for the sutura frontolacrimalis, sutura frontomaxillaris, and sutura zygomaticomaxillaris.
As a variant, a sutura frontalis persistens was found in four patients (2%) (Fig. 10) .
DISCUSSION
While the sutures of the orbital roof, floor, and lateral wall could be reliably visualized in our study, most of the sutures of the thin part of the medial orbital wall were only kjronline.org poorly visible or could not be detected. Slice thickness and patient age were the examination variables that influenced visibility significantly. In particular, for the well-visible sutures (sutura frontozygomatica and sutura frontonasalis) and the poorly visible sutures (sutura frontomaxillaris and sutura sphenofrontalis), detectability was best on the thinner slices. A previous CT study of cranial sutures reported this dependency on slice thickness, although the authors used thicker slices of 1.5, 5.0, and 10 mm and did not include orbital sutures (7) .
Regarding the dependency of suture visibility on tube current, our results were not uniform. Except for the sutura sphenozygomatica, which could be better visualized at higher amperages, no statistically significant differences could be found for visibility of sutures at different tube currents. It is possible that significantly better results for visibilities may have been achieved for subgroups of patients with combined characteristics, e.g., in adolescents who were examined with thin slices at high amperage. These associations, however, could not be tested by multivariate analysis because of the small sample sizes of subgroups. The results, however, support the already established practice of performing low-dose CT with tube currents of 25 to 50 mAs for bony changes of the skull and midface (8). Note.-n = 200 for sutura frontonasalis and n = 400 for remaining sutures. Comparison of summarized slice thicknesses of 0.5/0.6 mm versus summarized slice thicknesses of 0.75/1 mm. *P values by chi-squared test Note.-n = 200 for sutura frontonasalis and n = 400 for remaining sutures. Comparison of patients aged 6 to 40 years versus patients aged 40 years and older. *P values by chi-squared test From anatomical studies, it is known that the degree of suture closure depends on patient age (2, 7, (9) (10) (11) (12) . Apart from the sutura frontozygomatica, which begins to close at the age of 28 years, no data exist about the timing of suture closure of the orbit (11) . A high variability in time of suture closure in Rhesus monkey skulls has been reported, with a lower grade of ossification of sutures of the midface than of the skullcap (7) . Although most of the sutures of the orbit and periorbital region were not mentioned in the study by Wang et al. (9) , it can be assumed that the time of suture closure also depends on age for these sutures in humans. This hypothesis could at least partly explain the age dependence of suture visibility in our study. Accordingly, best visibility of sutures was achieved in the youngest age group (6-20 years) of our patients. Over all age groups, visibility was only constantly good for the sutura temporozygomatica. The greatest difference regarding visibility was noted between the age groups 6-20 years and 21-40 years, indicating that sutures probably close at about the time these two periods overlap. Our results also correspond to studies in forensic medicine, where inaccuracy between the estimated and actual age increased with increasing age (10, 12, 13) .
Apart from the time of suture closure and CT parameters, there are also good reasons to assume that suture visibility depends on the extent of the area of contact between two adjacent bones. This is corroborated by our study, in which best visibility was obtained for sutures with a broad interface between strong bones, such as the sutura frontozygomatica (visibility, 99%) and sutura frontonasalis (visibility, 88.5%), which are additionally independent of CT parameters. Concerning the sutura zygomaticomaxillaris (visibility, 66%), the sutura temporozygomatica (visibility, 42%), and frontomaxillaris (visibility, 44.5%), the joining bones are admittedly strong; however, the area of contact is smaller than in the aforementioned bones. Although bones are in contact over a long distance, the sutura sphenofrontalis and sutura sphenozygomatica show poor visibility because the involved bones are thin. This applies in particular to sutures of the paper-thin medial orbital wall.
Bademci et al. (6) reported that the sutura frontalis persistens (metopism) represents a potential pitfall when it is mistaken for a fracture line in the emergency setting. The frequency of a sutura frontalis persistens varies in the literature. Of the 200 patients examined in our series, four (2%) showed a sutura frontalis persistens (Fig. 10) . Our results are consistent with other reports of a frequency of 1.75% to 3.4% (14) (15) (16) . A higher variance of this suture from 3.3% to 14.9% has been reported for skulls from an Anatolian provenance across different periods from the Neolithic until the early 20th century (17) .
There are several limitations to our study. The retrospective design could have produced selection biases. CT parameters were not uniform for all patients and could not be changed because of the retrospective design of the evaluation. This shortcoming, however, offered the opportunity to compare the results of different examination techniques. The number of patients was distributed heterogeneously, with the youngest age group consisting of only 15 patients; therefore, the statistical power was weak for that group of patients. The unossified sutures in the medial orbit, although narrow and thin, might be seen on CT scans in infants in children younger than 6 years. Poor visibility of sutures of the medial orbital wall may be attributed to the limited spatial resolution of the imaging system, to the small contact areas between these tiny bone structures, and to suture closure. To differentiate poor visibility due to limited resolution of the imaging system from poor visibility due to suture closure, we would need to directly compare the results of MDCT and anatomical examinations. Results can only be compared with those of anatomical studies. With cone-beam CT, thinner slices of 0.125 mm can be achieved, which would probably provide better visibility of sutures of the orbit and periorbital region (18) . Finally, it can be speculated as to whether subgroups with combined parameters might have shown significantly better results for visibilities compared to the presented data. This association, however, could not be tested by multivariate analysis because of small sample sizes in the subgroups.
Although the sutures of the superior, lateral, and inferior orbit are well visible, those of the medial orbit are poorly visible on CT scans. The visibility of sutures significantly depends on slice thickness and patient age, but not on tube current. Knowledge of the visibility of orbital sutures on MDCT may be relevant in the emergency setting to distinguish a suture from a fracture line, in reconstructive maxillofacial surgery to detect craniosynostosis, and in forensic medicine to determine age at time of death.
